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1. GT strengths 1n pf-shell nucler with GXPF1J and
evaluation of e-capture rates at stellar environments

2. Nucleosynthesis of irron-group nucler in type Ia supernova
explosions (SNe)

3. Capture rates in pf-g shell nuclei ("®Ni) important for
nucleosynthesis in core-collapse SNe



1. GT strengts in pf-shell and e-capture rates at stellar
environmemts

GXPF1: Honma et al., PR C65 (2002); C69 (2004); A=47-66
KB3: Caurier et al., Rev. Mod. Phys. 77, 427 (2005)
KB3G A=47-52 KB + monopole corrections

* Spin properties of fp-shell nuclei are well described
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B(GT ) and e- capture rates for 58N1 and 60N1

Electron-capture rates
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Comparison of e-capture rates:
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Cole et al.. PR C86. 015809 (2012)
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GT strength in °°Ni: GXPF1J vs KB3G vs KBF
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- Experimental data available are taken into
account: Experimantal Q-values, energies and

(2011) B(GT) values available

" Densities and temperatures at FFN
(Fuller-Fowler-Newton) grids:

Log,,(T/10%)




2. Type-lIa SNe and synthesis of iron-group nuclei

Accretion of matter to white-dwarf from binary star

— supernova explosion when white-dwarf mass * Chandrasekhar limit
— N1 (N=2)

— °Ni (e, v)>°Co Y_,=0.5— Y_<0.5 (neutron-rich)

— production of neutron-rich isotopes; more **Ni

Decrease of e-capture rate on *°Ni — less production of >*Ni.

NSE(Nuclear Statistical Ratio between %8Ni / *Ni
Equilibrium) calculation GXPF] > SNi/S6Ni decreases
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Problem of over-production of neutron-excess isotopes such as
8N, >*Cr ... compared with solar abundances

THE ASTROPHYSICAL JOURNAL SuprpLEMENT Serms, 125:439-462, December

Iwamoto et al.,
NUCLEOSYNTHESIS IN CHANDRASEKHAR MASS MODELS FOR TYPE Ia SUPERNOYAE AND
CONSTRAINTS ON PROGENITOR SYSTEMS AND BURNING-FRONT PROPAGATION ApJ. Suppl, 125, 439 (1999)

Koical IwamoT0,' ** Franziska Bracawirz,* Ken'icar Nomoto,'#* Nosuriro Kisaivoro,’
Hmevukr Umepa,>? W. RapraeL Hix,?5 anp FriepricH-KARL THIELEMANNG
Recetved 1999 January 11 ; accepled 1999 July 29

e-capture rates with
and ignition densities to put new constraints on the above key quantities. The abundance of the Fe
group, in particular of neutron-rich species like **Ca, 3°Ti, **Cr, 3**Fe, and **Ni, is highly sensitive to FFN (Fuller—Fowler—NeWton)

the electron captures taking place in the central layers. The yields obtained from such a slow central
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GXP vs KBF GXP/KBF

Abundance(GXP)/Abundance(KBF)
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3. Weak rates of pf-g shell nuclei and core-collapse SNe
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Which nuclei affect Y, (change of Y_) most in core-collapse
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Effects of truncation of space
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Sum of the strengths
S=2.<g.s. |O" [1><1|0|g.s.>

SM(pfg9dS) SM(pfgds) RPA (full)

GT 0.0078 0.0804 0.3711
E1 3.202 4.368 4.231
SDO 0.046 12.083 12.378
SD1 1.603 20.241 20.683
SD2 2.616 14.098 15.995

SM: |g.s.> = |pfg9d5>

Effects of g,°'
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g,°/g, = 0.74 in all multipoles
vs. g,°/g, =0.74 in GT only

" Q-values (calculated values)

FRDM: -21.19 MeV
RPA(HFB21): -18.88
RPA (SGIT): -16.29

SM (A3DA: 5p-5h): -18.1

(-27.426 MeV without Coulomb correction; A E=7.86+1.5 #9.36)




Summary

*A new shell model Hamiltonian GXPF1J well describes the spin
responses in pf-shell nuclei .

GT strengths in Ni and Fe isotopes, which are generally more
spread compared to KB3G and KBF, are consistent with recent
experimental data, especially in °Ni.

* Electron capture rates in Ni isotopes (°°Ni etc.), iron-group nuclei
and pf-shell nuclei are evaluated with GXPF1J at stellar
environments, and applied to nucleosynthesis in Type Ia SNe.

* GXPF1J gives smaller e-capture rates compared with KB3G, KBF
and FFN, and leads to larger Y, with less neutron-rich isotopes, and
thus can solve the over-production problem in iron-group nuclei.

* e-capture rates for "3Ni are evaluated by RPA and SM (pf-g,,ds,)
RPA = Sullivan’s formula (g,*"/g, for SD transitions =1.0)
SM: extension to fp-gds configurations is in progress
Precise evaluation of Q value is important.
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